This paper examines the relationship between stature and later life health in 6 emerging economies, each of which are expected to experience significant increases in the mean age of their populations over the coming decades. Using data from the WHO Study on Global Ageing and Adult Health (SAGE) and pilot data from the Longitudinal Ageing Study in India (LASI), I show that various measures of health are associated with height, a commonly used proxy for childhood environment. In the pooled sample, a 10cm increase in height is associated with between a 2 and 3 percentage point increase in the probability of being in very good or good self-reported health, a 3 percentage point increase in the probability of reporting no difficulties with activities of daily living or instrumental activities of daily living, and between a fifth and a quarter of a standard deviation increase in grip strength and lung function. Adopting a methodology previously used in the research on inequality, I also summarise the height-grip strength gradient for each country using the concentration index, and provide a decomposition analysis.
Introduction
Comparison of cross country health differences provides an opportunity to evaluate the efficacy of different policies and institutions adopted in these locations (Kapteyn, 2010) . The recent emergence of harmonised micro level datasets has the potential to contribute to this discussion by permitting the comparison of survey respondents on the basis of their own individual characteristics, and not just aggregate indicators such as life expectancy. This is particularly true in the field of ageing research, where a number of studies now collect standardised information on a wide range of characteristics (Banks and Smith, 2012) . These include the Health and Retirement Study (HRS) in the US, the English Longitudinal Study of Ageing (ELSA) in the UK, and the Survey of Health, Ageing and Retirement in Europe (SHARE) . A welcome development is the introduction of similar initiatives in lower and middle income countries. These include the WHO study on Global Ageing and Adult Health -SAGE (Kowal et al., 2012) , the Longitudinal Ageing Study in India -LASI , and the China Health and Retirement Longitudinal Study -CHARLS .
An understanding of the consequences of population ageing is likely to be of particular interest to lower and middle income countries due to the fact that the older portion of their populations is expected to grow rapidly over the coming decades. For example, by 2050 more than 750 million individuals over the age of 60 will live in India and China, constituting over a third of the world's total population in that demographic (Chatterji et al., 2008) . Increases in morbidity are likely to accompany this (Bloom et al., 2011) , and therefore international comparisons using micro level data will be useful in assessing the extent to which changes in morbidity are likely to occur, potential variation in the consequences of population ageing across countries, and whether it is possible to identify the factors which predict healthy ageing. The existing literature on international comparisons typically evaluates differences in means or regression coefficients across higher income countries, as described in the review by Banks and Smith (2012) . For example, Banks et al. (2006) discuss health disparities between England and the US using ELSA and the HRS. Examples of papers which take advantage of newer data include Chatterji et al. (2008) , who conduct a similar analysis for India and China. Naidoo et al. (2010) and evaluate cross national differences in health using data from the SAGE study.
One aspect of ageing where there is particular scope for interesting comparisons across countries relates to the role of the life cycle, and the extent to which initial health affects adult outcomes. An established literature links early life conditions to later life wellbeing, including both health and economic outcomes (Almond and Currie, 2011a,b) . However, as with other aspects of ageing, most of the existing research in this field has also focused on higher income nations. The inclusion of retrospective life history modules in studies such as ELSA, SHARE, and the HRS is partly a reflection of the attention the lasting implications of childhood circumstance have been receiving (Smith, 2009) . For example, Banks et al. (2011) find that the transmission of poor early life health into adverse adult outcomes is greater in the US than the UK.
A number of recent papers have also provided evidence on this topic for low and middle income countries, see Currie and Vogl (2013) and McEniry (2013) for an overview. For example, Beltrán-Sánchez et al. (2011) examine the long term correlates of education in Mexico, while DeGraff and Wong (2014) investigate the influence of broader childhood environment in the same country. McEniry and Palloni (2010) examine the long-run impact of disease and nutrition in childhood using data from Puerto Rico. The newly developed ageing studies, such as the LASI or SAGE data used in this paper, also provide a useful original source of information. For example, use data from CHARLS and find a significant association between childhood environment and the outcomes of Chinese respondents, which is consistent with the evidence from Mexico and Puerto Rico.
There are a number of reasons why a comparison of the association between early life conditions and later outcomes in lower and middle income countries is specifically of interest. Firstly, their ageing populations are likely to impact relatively more significantly on these societies, given the comparatively more limited resources available to their governments. Secondly, given that the initial environment experienced by children in these countries is likely to have been more adverse than that experienced by children in higher income countries, the impact of early life conditions on this cohort of adults may be expected to be even greater (Currie and Vogl, 2013) . For example, stunting (growth restriction as defined by being 2 standard deviations below the expected height for age) is rare in high income countries, but affects 40% of children in Africa (Black et al., 2008) . Even if initial endowments were similar across countries, differences in the association between childhood circumstance and later outcomes could have the potential to add to our understanding of the factors underlying variation in aggregate outcomes (Banks et al., 2011) . Finally, a cross country comparison could provide a useful first indication as to the extent to which the role of early life conditions can be mitigated by macro level factors.
In addition to this primary motivation of investigating the extent of variation in the correlates of initial environment, an additional contribution of this paper is that I introduce an alternative approach for measuring the association between early life conditions and later health. Comparisons based on regression coefficients from the typical analyses in these studies represent the average association in the population, and do not necessarily describe whether inequality is concentrated among the least well off, or evenly spread across the distribution of socioeconomic status. Therefore, I also adopt a more flexible methodology for establishing the extent to which the relationship between childhood environment and adult health varies across countries. The inequality literature in economics typically uses the concentration curve and the concentration index as a summary measure for describing gradients in health and socioeconomic variables (Wagstaff et al., 1991) . Specifically, the concentration curve defines the share of the outcome of interest which is accounted for by the cumulative proportion of individuals in the population ranked from the least well off to the most well off (O'Donnell et al., 2008) . This approach has been previously used in a variety of applications, including to determine the extent of inequality in health (van Doorslaer and Koolman, 2004) , malnutrition (Wagstaff et al., 2003) , birth weight (Madden, 2013a) , health care use (Layte and Nolan, 2014) , BMI (Madden, 2013b; Walsh and Cullinan, 2014) , health behaviours (Hudson et al., 2014) , and vaccination (Doherty et al., 2014) .
This existing literature generally examines income related inequality, however, measures of household income in childhood are rarely available outside of cohort studies. Therefore, height is often used as the measure of initial environment in studies on the lasting impact of childhood circumstance (Akachi and Canning, 2010; Paxson, 2008, 2010; Lee and Smith, 2014; . When compared to using self-reported health in childhood dereived from retrospective questionnaires, results using height are generally comparable (e.g. Banks et al., 2011) , even though these measures are not always highly correlated . The use of height as a proxy for early life conditions is also supported by studies which examine the determinants of stature, for example height is related to initial disease environment (Bozzoli et al., 2009) , nutritional intake (Walker et al., 2007) , and birth weight (McGovern, 2014) . Historical improvements in height in western countries since the 18th century are believed to be at least partly caused by advances in nutritional status (Fogel, 2004) , and the link between average height and economic development is also believed to be driven by the relationship between nutritional intake and early environment (Strauss and Thomas, 1998) . Improvements in adult life expectancy and declining mortality among the young have been associated with increases in height among the same cohorts (Crimmins and Finch, 2006) . The use of anthropometric data in this context is documented in the overviews by Steckel (2008) and Steckel (2009) .
It is important to acknowledge that there are limitations to using height as a proxy for early life conditions, an issue which I discuss in more detail in section 2. These include the fact that stature may be a noisy measure of initial environment (especially at the individual level), there are many possible determinants of height which are difficult to isolate, including nutritional status, disease environment and genetics, and finally, there are diverse pathways through which height could affect later outcomes, including potentially direct advantages due to size itself (rather than latent effects of early life conditions). Therefore, results from studies which rely on height should be interpreted with these limitations in mind. In this paper, I do not make any claims about the results being interpretable as causal effects, as that is not possible with the available data. Instead, the associational analysis presented here can be viewed as being part of the initial steps into investigating the relationship between early life conditions and later outcomes in lower and middle income countries.
Using data on 6 countries from SAGE (China, Ghana, India, Mexico, Russia and South Africa) and pilot data from LASI, I examine the association between stature and four health measures (self-rated health, difficulties with activities of daily living (ADL) and instrumental activities of daily living (IADL), grip strength and lung function). Along with height, the latter three outcomes have the advantage of being objectively measured, are easily comparable across countries, and are commonly collected in many surveys. In addition, grip strength and lung function have been shown to be important measures of frailty in later life (Cook et al., 1995; Mannino et al., 2003; Rantanen et al., 1999; Sharp et al., 1997) . I begin with a regression analysis comparing the association of height with each of the health outcomes by country. Then, I illustrate the use of concentration curves by measuring the cumulative share of grip strength which accrues to survey respondents ranked according to their height. Finally, I compare this summary measure of inequality across countries. An additional advantage of this approach is that it is possible to decompose this inequality into its constituent components based on other observable characteristics.
The rest of the paper is structured as follows. Section 2 describes the data and approach. Section 3 presents a regression analysis for measuring the association of height with adult health, following the approach which is typically used to compare differences in early life health associations across countries. Section 4 then outlines the methodology for implementing the concentration curve approach, and provides results. Section 5 concludes.
Data and Methods

Data
This paper uses data from the World Health Organization's Study on Gobal Ageing and Adult Health (SAGE), a longitudinal nationally representative study of individuals in six lower and middle income countries (China, Ghana, India, Mexico, Russia and South Africa). The survey instrument was designed to be comparable to other ageing surveys, however unlike the HRS, ELSA and SHARE, the population under the age of 50 were also targeted as a separate cohort alongside individuals over the age of 50. The former cohort is relatively small, and was included in order to provide a potential comparison group for older respondents. 1 In order to reflect the previous research which is most similar to this study , I restrict the sample to those over the age of 45, which is the age cut-off for inclusion used in CHARLS. Wave one of the SAGE study was conducted between 2007 and 2010, although a smaller baseline cohort did participate in wave 0 in 2002-2004. Data collection for wave 2 will take place in 2013-2014. The SAGE data are publically available from the WHO. 2 For comparison, I also include data from the pilot round of the Longitudinal Ageing Study in India (LASI), which was conducted in 2010. 3 As with SAGE, LASI is designed to be comparable with existing ageing studies. The pilot includes data from 1,683 respondents aged 45 years or older (and their spouses) in four states (Punjab, Rajasthan, Kerala, and Karnataka), of whom 1,305 participated in biomarker data collection. LASI is designed to be representative of both the country as a whole and its constituent states, and later waves of the full survey will follow more than 50,000 participants longitudinally Bloom et al., 2014) . Table 1 shows descriptive statistics for the main variables for each country in the analysis sample. 4 In addition to restricting respondents to be aged over 45, preliminary analysis indicated the presence of outliers, so the main analysis sample also excludes respondents below the 1st and above the 99th height percentile. Height, the main explanatory variable of interest, is objectively measured in centimetres (CM) using a stadiometer. Self-reported health is measured on a scale of 1-5 (very good, good, moderate, bad, very bad). 5 I construct an indicator for whether the respondent was in the top two health categories (very good or good). The SAGE questionnaire includes a number of items on activities of daily living (ADL), and instrumental activities of daily living (IADL). 6 Respondents are presented with a list of activities and asked to rate their difficulty with each on a scale of 1 (none) to 5 (severe). I create an indicator variable for whether respondents reported having no difficulties with all of the 22 activities (sitting, walking, standing up, standing, climbing, crouching, picking up, household responsibilities, community activities, extending arms, concentration, walking, bathing, dressing, working, carrying, moving inside the home, eating, getting up from lying down, getting to and using the toilet, getting to places, and getting out of the home). I also considered more complicated formulations, such as a frailty index approach (Harttgen et al., 2013) , but found similar associations with height using this method.
1 For further details on the sampling procedure, see www.who.int/healthinfo/sage/cohorts/en/index2.html. 2 www.who.int/healthinfo/sage/en/. 3 LASI data are available from the Gateway to Global Aging Data website: www.g2aging.org. 4 It is apparent from table 1 that there missing values for some variables. As a robustness check, I have estimated models based on multiple imputation and found similar results. 5 For LASI, the last three categories are worded slightly differently (fair, poor and very poor). 6 Due to questionnaire differences in the LASI survey, I focus on SAGE for the ADL/IADL analysis. Grip strength is measured using a dynamometer (in kilograms (KG), where 0 represents the least strong), and the variable used represents the mean of two attempts from the dominant hand. Lung function refers to forced vital capacity (FVC) from maximal expiratory effort (in litres, where 0 represents the weakest). Figures A1-A3 in the appendix illustrate the distribution of each of these variables by country. Median age ranges from 52 in Ghana and South Africa to 57 in Russia. The two Indian surveys from SAGE and LASI appear to be reasonably comparable on the basis of these descriptive statistics, apart from self-rated health, which could reflect wording differences in the questionnaires. In general, comparing self-rated health across countries can be problematic due to differences in the way in which respondents interpret and respond to the question (Salomon et al., 2004) . Mean height is greatest in Russia (164cm), and lowest in Mexico (157cm), while mean grip strength ranges from 20 in India (LASI), to 35 in South Africa, and lung function ranges from 1.5 in India (LASI) to 2.9 in Russia. 76% of Chinese have no difficulty with any ADL or IADL, compared to 30% in India (SAGE). Therefore, not all of these indicators give the same country rankings, which may reflect that underlying frailty is multidimensional, or that the data contain some element of measurement error. The only other variables in the data which are likely determined prior to the respondents' childhood are sex, ethnicity, and whether their parents had any formal education. The data include a wide variety of other information on the socio-demographic characteristics of respondents; however these are likely to at least partly represent the outcome of early life conditions and are therefore excluded. It should be noted that using them in the analysis had little effect on the conclusions.
Interpreting Height-Health Associations
Interpreting associations between height and measures of health status (such as estimates obtained from regression coefficients) is complicated for a number of reasons. Firstly, there is the potential for age related physical stature decline. Previous research has demonstrated that this phenomenon begins to occur in later life (Huang et al., 2013) , and therefore the height data collected in this paper potentially incorporate some of this age effect and are unlikely to reflect maximum height. However, Fernihough and McGovern (2014) have investigated this issue specifically in the context of the relationship between height, grip strength and lung function, and demonstrate that the bias which arises from stature loss in models with health outcomes which control for age is likely to be negligible.
Secondly, the data likely contain measurement error. Figures A1-A3 in the appendix suggest evidence of heaping. In figure A1 this is particularly apparent in the height distributions for Russia, South Africa and India (LASI). The grip strength distribution for South Africa also has a larger right hand tail than the other surveys, and the mean value is also higher than the other countries. Therefore, it is reasonable to assume that both the outcome and main explanatory variables are measured with error, which would tend to attenuate the coefficients presented and increase the associated confidence intervals, assuming this measurement error was random.
Thirdly, height is an imperfect measure of early life conditions. Stature represents a composite of various factors, including infant and childhood health, nutrition and disease environment, but also other inputs such as genetic endowment. While some studies have found little evidence of ethnic differences in growth potential (Habicht et al., 1974) , others have found that height may be a noisy proxy for initial environment (Deaton, 2007) . See Behrman and Deolalikar (1988) for a discussion of the socioeconomic determinants of height in childhood. There are other factors which could induce a correlation between height and later outcomes which is not directly due to early life conditions, for example the known association between height, cognitive ability and wages (Böckerman and Vainiomäki, 2013; Case and Paxson, 2008; LaFave and Thomas, 2013; Sohn, 2014; Vogl, 2014) . Size can be considered an outcome of early life environment (Walker et al., 2007; McGovern, 2014) , and size itself could confer health benefits or other advantages. Height is a measure of size, therefore, as with the existing literature which uses stature, the results presented in this paper potentially incorporate some aspect of size. Size could be associated with health outcomes independently of true health status, particularly for grip strength and lung function. Taller respondents could record greater grip strength but not necessarily be any healthier than their shorter counterparts. For example, some papers standardise grip strength for height (Meijer et al., 2011; Syddall et al., 2003) when using it as a marker for health status. It is difficult to assess how this potential size effect impacts on estimating associations between early life environment and later health without other direct measures of childhood conditions, however the consistent association of height with other health outcomes in this paper (including self-reported health and difficulties with ADL and IADL) and the rest of the literature suggests that this association is unlikely to be spurious.
More generally, there are two potential pathways through which early life conditions could affect later outcomes (Case and Paxson, 2008; Van den Berg et al., 2009) . One mechanism through which early life conditions affect later outcomes can be termed the direct pathway. This mechanism is commonly defined as operating through a direct weakening of a persons underlying health status due to adverse initial nutrition, disease or health environment, such that they experience worse health in later life due to the fact that their cardiovascular system (for example) has been structurally damaged. The Barker Hypothesis is one specific example of this pathway (Barker, 1995) . A second mechanism can be termed the indirect pathway. This reflects the fact that those with worse early life environments could experience other disadvantages above and beyond a direct weakening of underlying health status, which could in turn affect later outcomes. For example, genetic endowments could affect height and adult wellbeing via health, education, or socioeconomic status. Therefore, while height associations support the hypothesis that early life conditions are important for later outcomes, the specific mechanisms cannot be isolated by this kind of analysis (Case and Paxson, 2010) .
Finally, the outcomes used in the analysis (self-reported health, difficulties with ADL and IADL, grip strength and lung function) are proxies for underlying health status. All have their own advantages and disadvantages, for example self-reported health is correlated with mortality (Mossey and Shapiro, 1982) , but is also subjective and could be affected by unobserved individual differences in how respondents rank health states (Salomon et al., 2004) .
In summary, height-health associations do not typically allow for causal interpretations. Height has many potential determinants, and it is generally difficult to isolate the particular mechanism underlying these associations. However, as height is mainly determined early in life, it has nevertheless been considered as a useful means of investigating the lasting impact of childhood conditions, and evaluating the disadvantages suffered in later life by those who experience adverse early life environment, incorporating both the direct (weakening of underlying health status) and indirect (genetics, size, socioeconomic status, education, cognitive ability) pathways (Case and Paxson, 2010) .
Regression Analysis
I begin by presenting results from regressions of the outcomes of interest (self-rated health, no difficulties with ADL and IADL, grip strength and lung function) on height in the pooled sample. I stratify all analyses by sex, as the previous literature suggests that the influence of early life environment may be stronger for men (Drevenstedt et al., 2008) , and there are biological sex differences which could affect the associations between height and health (Lee and Smith, 2014) . I consider a number of alternative specifications for these regressions, shown in table 2 (men) and table 3 (women). I first control for age only (which is equivalent to cohort in this data as it is a single cross section), using either a linear effect (column 1) or using 5 year age group indicator variables (column 3). I also show results using log height (as opposed to height in centimetres for the other models) as the main independent variable (column 2) (Lee and Smith, 2014) . I repeat these three specifications in columns 4-6, with the addition of controls for country, ethnicity, and parental education. I use OLS for each outcome, with standard errors adjusted for clustering at the primary sampling unit (PSU) level. Following Deaton (1997) , I do not weight the regressions, although doing so does not greatly affect results. For self-rated health and no difficulties with ADL and IADL, the outcomes are binary, and the regression coefficient for height can be interpreted as the change in the probability of the outcome occurring associated with a 1cm increase in height.
For grip strength and lung function, I calculate a Z score using the pooled sample (separately for each sex). In this case, the coefficient on height can be interpreted as the expected change in standard deviation units of the outcome for a 1cm increase in stature. Height is entered linearly in the regressions, as alternative specifications do not indicate that there are either diminishing or increasing returns to stature.
In general, results are consistent across specifications and the addition of controls or alternative specification of the age effect does not greatly affect estimates of the association between height and health status, though additional controls do tend to reduce the size of the association, indicating that characteristics such as ethnicity and parental socioeconomic status may explain some of the unadjusted relationship. For example, in the model for grip strength among men, a 1cm increase in height is associated with a 0.030 standard deviation increase in grip strength in the model with age ( Next, I estimate regression models for health and height, stratified by country. Given the results in tables 2 and 3, I focus on the specification with controls and age as a linear effect. The model can be summarised as follows:
Where the health outcome for individual i, of sex g, in country c, is a function of height, age, parental education, and ethnicity. µ is the corresponding error term. β is therefore the main paramater of interest. In addition to stratifying by sex and the 6 countries in the SAGE data and one in LASI, I run a pooled specification for all countries (c = 0) which additionally controls for country fixed effects, resulting in 8 separate models for each sex. 7 The results are summarised in figures 1 and 2 (Jann, 2013) , which show the point estimate for each country along with 95% confidence intervals, which are adjusted for clustering at the PSU level. The full results are presented as tables A1-A8 in the appendix.
The coefficient estimates for β are generally similar across countries, outcomes and sex. Most estimates are statistically different from 0, apart from the following: India (LASI) (lung function for men and women); Ghana (self-rated health for men and women, no difficulties with ADL and IADL for women); Mexico (self-rated health for men and women,no difficulties with ADL and IADL for women); India (SAGE) (self-rated health for women) and South Africa (no difficulties with ADL and IADL for women).
For self-rated health and no difficulties with ADL and IADL, the pooled estimate for men is 0.003, indicating that a 10cm increase in height is associated with a 3 percentage point increase in the probability of reporting being in very good or good health, and a 3 percentage point increase in the probability of having no difficulties with ADL or IADL. For women, these estimates are 0.002 and 0.003 respectively. We can reject that coefficients are different from the pooled estimate for these outcomes in 5 cases (self-reported health for women in Russia, Mexico, self-reported health for men in India (LASI) and Ghana, no difficulties with ADL and IADL in Ghana for women).
For grip strength among men, the pooled estimate is 0.026, indicating that a 10cm increase in height is associated with roughly a quarter of a standard deviation increase in grip strength. For women, the equivalent coefficient is 0.018. For lung function, the pooled estimate for both men and women is 0.028. For men, the grip strength coefficients range from 0.014 (Mexico) to 0.030 (China). We can reject the null hypothesis that the country-specific coefficient is equal to the pooled effect for Mexico only. There is a similar range for lung function, and in this case the coefficients for both India (LASI) (0.011) and China (0.035) are statistically different from the pooled sample.
For women, the grip strength coefficients range from 0.006 in Ghana to 0.024 in South Africa, and only the former can be distinguished statistically from the pooled estimate. For lung function, estimates for the coefficients range from 0.014 in India (LASI) to 0.035 in China, and the latter and India (SAGE) can be distinguished from the pooled coefficient. Overall, these results indicate a correlation between height and the health outcomes which is relatively consistent. Comparing countries, the coefficients are broadly similar, although the country rankings do depend on the outcome. For example, there is no height association for self-rated health and no difficulties with ADL and IADL in Mexico and Ghana. Comparing India (SAGE) and India (LASI), standard errors are much higher for the latter. For example, the standard error associated with the point estimate for lung function among women in SAGE is 0.003, while it is 0.014 for LASI. It would be interesting to examine whether these differences persist when the data from the first full round of LASI become available.
Comparisons and Decomposition based on Concentration Indices
When comparing estimates across heterogeneous groups, analysis based on mean effects could mask important differences. Even given the same regression parameters in two particular countries, the actual distributions of a particular outcome could be substantially different. Two advantages of using the inequality framework outlined in detail below is that this approach can be used to investigate the extent of inequality in the entire distribution of the outcome of interest, and additionally allows for the decomposition of the inequality in grip strength (or equivalent health measure) into its constituent parts based on observed characteristics. In the following section, I present the results for grip strength among men using concentration curves and concentration indices. Results for women and lung function are shown in the appendix.
Concentration Curves
I begin by graphing the relevant concentration curves for grip strength, defined as the share of the outcome accounted for by the cumulative proportion of respondents ranked according to a measure of socioeconomic status (Kakwani et al., 1997) . In this case it is the shares of the health variable (grip strength) plotted against quantiles of height for men. If the given outcome was shared equally among the population, the concentration curve would lie along the 45 degree line (the line of equality). If instead the concentration curve lies below this line, this indicates that the health outcome accrues disproportionately to taller individuals (who likely had more favourable early life conditions). The further the concentration curve lies below the line of equality, the greater the amount of inequality in the population.
As discussed above, height is often used as a proxy for early life conditions in the literature. However, the same limitations to the use of height apply as in the regression framework. In particular, I am not able to distinguish between height-grip strength associations which are directly due to early life conditions, or those due to other indirect pathways (such as size effects). Nevertheless, the consistent association between height and all health outcomes examined in this paper in the previous section suggest that this relationship reflects a meaningful health advantage for taller respondents. In addition, it is not clear that ranking respondents according to their height reflects the ranking that would be obtained using an alternative measure of living standards in early life. If it were available, future research would ideally use another measure of living conditions in place of stature, such as household income during childhood. Figure 3 presents the results of this analysis for each country in the SAGE data. In general, the concentration curves lie consistently under the 45 degree line. An exception is South Africa, where inequality is concentrated at the lower end of the height distribution. This information is also summarised in table A10 in the appendix, which presents the cumulative proportion of the health outcome accruing to the cumulative height distribution for each country. This analysis provides a useful description of inequality across countries. For example, for men and grip strength in India, the shortest 20% of individuals account for 16.90% of the grip strength score (where an equal distribution would be 20%). At the first quintile India compares most favourably to Russia, where the shortest 20% of individuals account for only 14.58% of the grip strength score.
Having established the presence of a degree of inequality in these outcomes as measured by stature, the next section establishes the magnitude of these effects. It is possible to characterise the extent of inequality more formally using the concentration index, a measure encompassing the full distribution, and not just a particular quantile. The concentration index can also be decomposed into the factors which contribute to this inequality.
Concentration Indices
The overall extent of inequality can be measured formally by taking the distance from the concentration curve to the line of equality at each point in the distribution. This summary measure, the concentration index, is obtained by integrating over the area under the curve:
Where C, the concentration index is double the area between the concentration curve (L h ) and the line of equality, and is bounded in the range ±1. Similar to the interpretation of the position of the concentration curve itself, a positive value indicates that the disadvantaged receive a disproportionately greater share of the outcome, while a negative concentration index indicates that the less well-off receive disproportionately less than expected. The greater the magnitude of the concentration index (in absolute value), the greater the degree of inequality.
The concentration indices for each of the concentration curves presented in figure 3 (and their confidence intervals, which are calculated as per Kakwani et al. (1997) , and adjusted for clustering at the PSU level), are shown in table 4. For men, height-related inequality is largest in Ghana, with a concentration index of 7.2%. The levels in the other cases are smaller; however the concentration index in each country is significantly different from a concentration index of 0 apart from South Africa. The confidence intervals mainly overlap. Results for the other outcomes are shown in table A9 in the appendix, and are similar to those for grip strength among men, ranging from 0.6% for lung function in Russian women to 8.9% for grip strength among women in South Africa. Comparing the country rankings for height associations derived from the regression analysis to those in table 4 indicates that there does not appear to be a strong correlation between the two. Wagstaff et al. (2003) show that the concentration index can also be defined in terms of a regression model (y = β k x k + e), with outcome y, x k explanatory variables, and their corresponding concentration indices C k , the concentration index for variable k.
Decomposition of the Concentration Index
Then:
Where GC e is the generalised concentration curve for the error term (Wagstaff et al., 1991) . The concentration curve for a particular outcome then depends on the concentration curves of the explanatory variables in the model, with each weighted by the elasticity of the outcome with respect to that particular explanatory variable (Wagstaff et al., 2003) . Therefore, it is possible to decompose a concentration index into the contributions made by a set of other factors which affect the outcome of interest. This includes factors for which there is, and for which there is not, an equivalent gradient in socioeconomic status. For example, the distribution of grip strength with respect to maternal education could be highly unequal, but if maternal education and height are unrelated then maternal education cannot explain the height gradient in grip strength.
The results of this decomposition analysis for grip strength, which shows the contribution (expressed as a proportion) of each variable to the concentration index among men, is presented in table 5. I use the same variables present in the regression analysis outlined in equation (1), namely age, parental education, and ethnicity. 8 A positive contribution indicates that the variable acts to increase the height related inequality gradient for that particular outcome. As with the regression analysis, the only consistent contributor to the height gradient in these health outcomes (apart from height itself) is age (or equivalently cohort in these cross sectional data), although the size of the contribution varies. For example, for grip strength and men a combination of age and cohort effects contribute 39.3% to the height gradient in Mexico, compared to only 8% in South Africa. The observed factors explain a high proportion of the gradient. A limitation of this analysis with these data is the lack of other variables, such as household income at birth, which are predetermined and could potentially contribute to explaining the observed relationship between height and the health outcomes. 
Conclusions
This paper compares the relationship between height and 4 health measures (self-rated health, no difficulties with ADL and IADL, grip strength, and lung function) across 6 lower and middle income countries. I find a consistent association of stature with later life health outcomes. Given that height is routinely used as a proxy for early life conditions (Akachi and Canning, 2010; Paxson, 2008, 2010; Lee and Smith, 2014; , this indicates that improvements in childhood circumstance could be associated with health improvements in later life for the adults affected (Abbott et al., 1998) , although further analysis is required to establish a causal link. These results are broadly in line with the existing literature on developed countries, which have found that early life conditions are correlated with a variety of different outcomes (Currie and Vogl, 2013; McEniry, 2013) . The magnitude of the associations presented in this paper appears meaningful. For example, using the pooled estimate of 0.026 from the regression analysis of height on grip strength, if Mexico were to increase average height by 7cm from 157cm to 164cm to match average height in Russia (the tallest country in the sample), the implied improvement in the average grip strength score in Mexico is 2.4 points, increasing from 23 to 25.4.
This represents almost a 50% reduction in the gap between the grip strength score in the two countries (Russia has a mean grip strength score of 29). The high degree of stunting in many low and middle income countries (Black et al., 2008) implies that there may be substantial scope for increasing height through advances in nutrition and improvements in disease environment, and results which link the health measures in this paper to mortality and other outcomes (Cook et al., 1995; Klein et al., 2005; Mannino et al., 2003; Mossey and Shapiro, 1982; Scott et al., 1997; Rantanen et al., 1999; Sharp et al., 1997) suggest that this may be accompanied by health benefits in later life for the cohorts which experience these improvements in childhood.
A second contribution of this analysis is the adoption of a methodology used in the inequality literature to compare the height related gradient in health outcomes in each country. This allows the comparison of associations which are based on distributions as opposed to just mean differences. Results indicate that inequality is greatest for male grip strength in Ghana at 7.2%. In terms of previous research using data from ageing studies, this magnitude compares to education and wealth related concentration indices of between -19% and +21% for a variety of self-reported diagnoses and standardized measures of disease in India (Vellakkal et al., 2013) . In this paper, the country rankings based on the height-health association differ according to whether the inequality measure or regression coefficient is used; however, overall the associations are reasonably stable. Relatively small sample sizes and correspondingly wide confidence intervals mean that it is difficult to reject that the country coefficients are the same as the pooled sample estimate in most cases. Further data would help to establish the extent to which these associations differ across countries.
There are a number of important limitations to this study. Firstly, the results presented here are associational, and do not necessarily imply causal relationships. Secondly, the use of height in the literature partly reflects the lack of additional measures of childhood circumstance. While height is widely collected in surveys, it is an imperfect proxy for initial environment and is associated with many other factors, including genetics and size, and therefore isolating the particular mechanisms linking height to later outcomes is problematic. Measurement error could reduce the estimates towards the null and inflate standard errors. Additionally, an association between height and a health measure could reflect a size effect rather than a meaningful health effect. Future research with data such as that from CHARLS and LASI with additional measures on initial conditions should prove useful in further investigating the mechanisms through which early life environment is related to later outcomes. In this paper I have mainly focused on health outcomes related to physical frailty, however it would be interesting to consider other types of outcomes, such as cognition. If more life course information becomes available, particularly on a factor such as family income during childhood, the concentration index approach could provide meaningful insights into the extent to which health is distributed unequally according to early life conditions across countries. In addition, the use of the decomposition approach could allow researchers to evaluate the relative contribution of different aspects of early environment, such as socioeconomic status, education, and health.
Finally, the roll-out of new surveys collecting comparable data on population ageing at the micro level will allow researchers to conduct more cross country analyses with the goal of addressing some of the questions outlined in the introduction, such as the extent to which the lasting impact of early life conditions can be mitigated. Explaining why countries show stronger associations for some outcomes than for others is an important direction for future research, and with additional countries, and a broader set of regions, the emergence of new micro datasets in the field of ageing should make it be possible to examine how socioeconomic and institutional context interact with the association of height and health documented in this analysis. Note: The analysis sample is restricted to those over the age of 45, and those between the 1st and 99th percentiles of the height distribution. Samples are weighted to be nationally representative. Height (CM) 0.026*** 0.022*** 0.018*** 0.030*** 0.026*** 0.014*** 0.022*** 0.027*** (0.002) (0.002) (0.005) (0.003) (0.003) (0.003) (0.005) (0.005) Age -0.026*** -0.024*** -0.020*** -0.029*** -0.019*** -0.026*** -0.039*** -0.024*** (0.001) (0 Height (CM) 0.028*** 0.017*** 0.011 0.035*** 0.033*** 0.032*** 0.026*** 0.024*** (0.001) (0.003) (0.010) (0.002) (0.003) (0.004) (0.008) (0.003) Age -0.023*** -0.018*** -0.016*** -0.027*** -0.016*** -0.029*** -0.025*** -0.021*** (0.001) (0 Height (CM) 0.003*** 0.003*** 0.008*** 0.004*** -0.001 0.000 0.003** 0.004** (0.001) (0.001) (0.003) (0.001) (0.002) (0.002) (0.001) (0.002) Age -0.010*** -0.010*** -0.012*** -0.009*** -0.013*** -0.002 -0.008*** -0.008*** (0.000) (0 Height (CM) 0.018*** 0.017*** 0.016*** 0.020*** 0.006* 0.013*** 0.022*** 0.024*** (0.002) (0.002) (0.004) (0.005) (0.003) (0.003) (0.004) (0.005) Age -0.020*** -0.014*** -0.014*** -0.021*** -0.018*** -0.015*** -0.029*** -0.023*** (0.001) (0 Height (CM) 0.002*** 0.001 0.006* 0.002** 0.001 -0.003 0.005*** 0.004** (0.001) (0.001) (0.003) (0.001) (0.002) (0.002) (0.001) (0.001) Age -0.007*** -0.006*** -0.013*** -0.005*** -0.011*** -0.001 -0.005*** -0.008*** (0.000) (0.001) (0.002) (0.001) (0.001) (0.002) (0.001) (0.001)
Mother Had no Education -0.022* -0.027 0.264*** -0.065*** -0. Note: Linear regression coefficients are shown, using the model outlined in equation (1), stratified by country and sex with the outcome measured as a binary indicator for being in very good or good self-reported health. The model indicated by All is a pooled regression for all countries in the sample, also stratified by sex. Standard errors account for clustering at the PSU level. India (S) refers to SAGE and India (L) refers to LASI. Height (CM) 0.003*** 0.002** 0.005*** -0.001 0.001 0.006*** 0.001 (0.001) (0.001) (0.001) (0.002) (0.002) (0.002) (0.001) Age -0.012*** -0.006*** -0.014*** -0.011*** -0.010*** -0.019*** -0.009*** (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Mother Had no Education -0.068*** -0.094*** -0.056*** -0.059 -0.022 -0.092*** -0.022 (0.011) (0 Note: Linear regression coefficients are shown, using the model outlined in equation (1), stratified by country and sex with the outcome measured as a binary indicator for having no difficulties with activities of daily living or instrumental activities of daily living. The model indicated by 'Full Sample' is a pooled regression for all countries in the sample, also stratified by sex. Standard errors account for clustering at the PSU level. India (S) refers to SAGE. 
